Cold intolerance after hand injuries is often debilitating. We wished to determine what factors make it more likely to occur and whether it improves or worsens with time.
tion due to vessel injury (1) or errors in inervation or re-inervation (2, 3), or both mechanisms acting together (4), have been suggested. Irwin et al. (4) found that the mechanism of injury is of importance for development of cold intolerance. His patients were less likely to develop cold intolerance if they sustained a sharp injury and more likely if there had been a crush injury. It has furthermore been reported that young patients are less affected than older patients (5), and that tobacco smokers are more affected than non-smokers (4).
The purpose of this investigation was to identify factors that increase the likelihood of cold sensitivity and to determine its long-term progress.
Cold sensitivity after hand injuries can represent a great problem, particularly for patients living in a cold climate or working in a cold environment. In some instances the patient may need to change to indoors work. This is not always possible. The pathophysiology is unknown, but changes in microcircula-
PATIENTS AND METHODS
We studied patients who had been treated for flexor tendon injuries between the metacarpo-phalangeal joint and the distal inter-phalangeal joint. Only injuries due to a simple, sharp cut were included. Patients with injuries due to saw or crush injuries and those accompanied by fractures, were excluded.
157 patients were asked to return for review between 3 months and 20 years after injury. They were selected so as to obtain an as even as possible distribution of times between injury and review. The reason for the review was only explained in general terms and cold sensitivity was not mentioned. A total of 103 patients, 48 with concomitant digital nerve injury in one or more fingers with a mean age at injury of 31 (SD 16.5) years and 55 patients without digital nerve injury with a mean age at injury of 31 (SD 14.5) years returned for review. Concomitant lacerated digital arteries had not been repaired. All were adults at the time of review and all consented to take part in the study. Flexor tendon injury in one finger had been repaired in 83 patients, in two fingers in 15, in three fingers in three, and in four fingers in two. There had been two postoperative infections, eight re-ruptures of sutured flexor tendons, and flexor tendon tenolysis or other procedures had been performed in six cases.
At review all patients were asked about discomfort in the hand during the last winter before review. The 78 patients who had been injured more than 2 years before review, and thus had experienced at least two winters, were also asked to recall how troubled they had been during the first winter after injury. Responses were recorded on a visual analogue scale (VAS) and were converted to a score where 0 denotes no discomfort and 100 the worst imaginable pain or discomfort. Sensibility in the injured finger was recorded with Semmes-Weinstein monofilaments and by the static two-point discrimination (2PD).
In an effort to obtain a more objective measure of cold intolerance, each patient was subjected to standardized cold stimulus by holding the injured hand in a bowl of water at 1-4° C (Fig. 1) . The hand was removed from the water after 60 seconds and the discomfort was recorded on a VAS First the injured hand and then the uninjured hand were held in ice-cold water for 60 seconds. The VAS value for the discomfort in the uninjured hand was subtracted from that in the injured hand to indicate pathological cold sensitivity. scale. The same procedure was then performed for the contralateral, uninjured, hand and the difference in VAS values between injured and uninjured hands taken as an expression of pathological cold sensitivity. Measurements at two weeks intervals in 12 patients and 10 volunteers indicated that the precision (standard error) of this method is 4.
Proportions were compared with Fisher's exact test with mid p adjustment. The differences in VAS values for discomfort during the first and last winter were tested with the Student's paired-t-test. Data were analyzed with linear regression to test changes over time, using VAS values as the dependent variable, and age at injury, nerve injury, number of injured digits, re-operation or infection, and smoking habits in turn as the independent variable. We also carried out a multiple linear regression analysis, using all these variables as covariates. Two-sided P-values below 0.05 were taken to indicate significant differences.
RESULTS
Among the 57 who stated that they had been employed at the time of injury, 2 reported that they had changed their job because of cold sensibility.
A total of 66 patients reported that they had noted cold intolerance during the first winter after injury, 33 that they had not, and 4 could not remember. Three of these last patients, however, reported cold intolerance during the last winter before review. As there was no instance of a patient reporting cold intolerance at review who did not also have it during the first winter after injury, it was felt to be safe to include them among those with cold intolerance also during the first winter,
The two groups, those with cold intolerance during the first winter after injury and those without, were very similar in mean age and time between injury and review (Table 1) . There was a statistically significant predominance of tobacco smokers, patients with postoperative complications and cases of mul- tiple finger injuries among those with cold intolerance, while the preponderance of patients with concomitant digital nerve injury did not quite reach statistical significance (Table 1) . Among those who remembered cold intolerance during the first winter after injury were 49 where more than 2 years had elapsed between injury and review, and who thus had experienced at least two winters after injury. At review five felt their affliction was worse, in that they reported a mean of 28 (range: 7-58) higher VAS score for the last winter than for the first winter after injury. Twenty patients reported the same VAS score for the two winters while 24 reported a mean reduction in VAS score of 30 (4-66) and thus felt that they had improved. Five of them rated the last winter at VAS 0 and were thus, by this measure, no longer affected by cold intolerance. The proportions of smokers, patients with concomitant nerve injury, and patients with postoperative complications were almost identical among the 24 who had improved and the 25 who had not. There were five patients with multiple finger injuries in the former group and nine in the latter (p = 0.3). There was thus no indication that these factors influenced the course of cold intolerance, once it was established.
Of the 28 patients with a concomitant digital nerve injury, 13 had improved and 15 had not. The numbers at review with two pint discrimination of 5 mm or less were 3 in the former group and 9 in the latter (p = 0.07) and Semmes-Weinstein filament values of 3.61 or better were recorded among 11 and 12 in the two groups respectively. It did thus not seem that regeneration of digital nerve function had improved cold intolerance.
Subjection to our standardized cold stimulus indicated that time since injury is slightly, but statistically significantly, correlated with increased cold sensitivity. The difference in VAS for pain after immersing the hand in cold water between the injured and uninjured hand as a function of time since injury is plotted in Fig. 1 . The fitted regression line, which is the expected VAS difference as function of time, is given by VASdifference = 0.17*time(years) + 0.62 (p = 0.002). Including the covariates age at injury, smoking, multiple fingers, nerve injury and complications in the regression model did not give any noticeable change in the effect of time since injury (results not shown).
DISCUSSION
It was deemed unfeasible to follow the evolution of cold sensitivity in the same patients for very many years. An epidemiological approach was therefore adopted in that the injury sustained was standardized as far as possible and studied at varying intervals since injury. It may be considered unwise to record VAS values for remembered discomfort up to 20 years earlier. The reason for doing so in the present study was to obtain an indication of to what degree the patient felt that the cold intolerance had improved or worsened, not simply if he felt it was better or worse.
When asked about cold intolerance soon after the injury compared to just before review, the patients on average reported some degree of improvement with time. Patients in earlier studies have also recorded an impression of some lessening of cold intolerance with time after hand injuries (4, 6) or after finger replantation (7, 8) . When subjected to our standardized cold stimulus, however, a slight, but statistically significant, tendency to increased cold intolerance with time was found. This is in accordance with the findings of Povlsen et al. (7) who studied digital blood pressure 2 and 10 years after replantation and found no change in vasospasm when the fingers were subjected to a cold stimulus, even though some of his patients reported some improvement. It may be that patients to a certain degree become used to this discomfort in cold weather, or simply that they become better at avoiding cold stimuli. The pathological reaction seems not to lessen with time in most patients.
Freedlander (9) could not detect any relationship between sensibility measured as 2PD and cold intolerance after replantation, while Kay (2), like in the present report, found that patients with nerve injury had more cold intolerance. As digital arteries are usually injured together with digital nerves, it is possible that this to some degree is due to the vessel injury. Koman and Nunley (3) studied four patients prospectively after forearm replantation and found that vasoregulation improved with improved sensibility. Schlenker et al. (5) reported that older patients were more affected by cold sensitivity than young patients. This was not confirmed by later studies (4, 6, 10), and was not the case among our patients.
Irwin and co-workers (4) studied 814 patients with peripheral nerve injury and reported that smokers were more affected by cold sensitivity than nonsmokers. Neither Our patients who were smokers were more likely to have cold sensitivity.
We conclude that cold intolerance after hand injuries is more likely in smokers, with increasing extent of the injury and when there have been complications or repeated surgery. It is uninfluenced by age at injury. Subjectively it improves a bit with time, but the response to a standardized cold stimulus indicates that objectively it is on average slightly worse. 
